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1. Introduction 
Banana (Musa spp.) is the fourth most important global food commodity after rice, wheat 
and maize in terms of gross value production. At present, it is grown in more than 120 
countries throughout tropical and subtropical regions and it is the staple food for more than 
400 million people (Molina and Valmayor, 1999). Among the production constraints, Fusarium 
wilt caused by the fungus Fusarium oxysporum f.sp cubense (Foc) is the most devastating disease 
affecting commercial and subsistence of banana production through out the banana producing 
areas of the world (Ploetz, 2005). The disease is ranked as one of the top 6 important plant 
diseases in the world (Ploetz & Pegg, 1997). In terms of crop destruction, it ranks with the few 
most devastating diseases such as wheat rust and potato blight (Carefoot and sprott, 1969). 
The disease almost destroyed the banana export industry, built on the Gros Michel variety, in 
Central America during the 1950’s (Stover, 1962). In addition, the widely grown clones in the 
ABB ‘Bluggoe’ and AAA ‘Gros Michel and Cavendish’ sub groups are also highly susceptible 
to this disease worldwide. Presently, Fusarium wilt has been reported in all banana growing 
regions of the world (Asia, Africa, Australia and the tropical Americas) except some islands in 
the South Pacific, the Mediterranean, Melanesia, and Somalia (Stover, 1962; Anonymous, 1977; 
Ploetz and Pegg, 2000). 
The fungus Foc is the soilborne hyphomycete and is one of more than 100 formae speciales 
of F. oxysporum that causes vascular wilts of flowering plants (Domsch et al. 1980; Nelson et 
al. 1983). Although Fusarium wilt probably originated in Southeast Asia, (Ploetz and Pegg, 
1997), the disease was first discovered at Eagle Farm, Brisbane, Queensland, Australia in 
1876 in banana plants var. Sugar (Silk AAB) (Bancroft, 1876). The fungus infects the roots of 
banana plants, colonizing the vascular system of the rhizome and pseudostem, and inducing 
characteristic wilting symptoms mostly after 5-6 months of planting and the symptoms are 
expressed both externally and internally (Wardlaw, 1961; Stover, 1962). Generally, infected 
plants produce no bunches and if produced, the fruits are very small and only few fingers 
develop. Fruits ripen irregularly and the flesh is pithy and acidic. The fungus survives in soil 
for up to 30 years as chlamydospores in infested plant material or in the roots of alternative 
hosts (Ploetz, 2000). 
Since the discovery of Fusarium wilt of banana, though various control strategies like soil 
fumigation (Herbert and Marx, 1990); fungicides (Lakshmanan et al., 1987); crop rotation 
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(Hwang, 1985; Su et al., 1986), flood –fallowing (Wardlaw, 1961; Stover, 1962) and organic 
amendments (Stover, 1962) have been evolved and attempted, yet, the disease could not be 
controlled effectively except by planting of resistant cultivars (Moore et al., 1999). Planting 
of resistant varieties also cannot be implemented because of consumer preference  
(Viljoen, 2002). Under these circumstances, use of antagonistic microbes which protect and 
promote plant growth by colonizing and multiplying in both rhizosphere and plant system 
could be a potential alternative approach for the management of Fusarium wilt of banana.  
Besides, biological control of Fusarium wilt disease has become an increasingly popular 
disease management consideration because of its environmental friendly nature which offers 
a potential alternative to the use of resistant banana varieties and the discovery of novel 
mechanisms of plant protection associated with certain microorganisms (Weller et al., 2002; 
Fravel et al., 2003). Biological control of soil borne diseases caused especially by Fusarium 
oxysporum is well documented (Marois et al., 1981; Sivan and Chet, 1986; Larkin and Fravel, 
1998; Thangavelu et al., 2004). Several reports have previously demonstrated the successful use 
different species of Trichoderma, Pseudomonas, Streptomyces, non pathogenic Fusarium (npFo) of 
both rhizospheric and endophytic in nature against Fusarium wilt disease under both glass 
house and field conditions (Lemanceau & Alabouvette, 1991; Alabouvette et al.1993; Larkin & 
Fravel, 1998; Weller et al. 2002; Sivamani and Gnanamanickam, 1988; Thangavelu et al. 2001; 
Rajappan et al. 2002; Getha et al. 2005). The details on the effect of these biocontrol agents in 
controlling Fusarium wilt disease of banana are discussed in detail hereunder.  
2. Trichoderma spp. 
Trichoderma spp., are free-living fungi that are common in soil and root ecosystems. They are 
highly interactive in root, soil and foliar environments. They produce or release a variety of 
compounds that induce localized or systemic resistance responses in plants. This fungal bio-
control agent has long been recognized as biological agents, for the control of plant disease 
and for their ability to increase root growth and development, crop productivity, resistance to 
abiotic stresses, and uptake and use of nutrients. It can be efficiently used as spores (especially, 
conidia), which are more tolerant to adverse environmental conditions during product 
formulation and field use, in contrast to their mycelial and chlamydospore forms as microbial 
propagules (Amsellem et al. 1999). However, the presence of a mycelial mass is also a key 
component for the production of antagonistic metabolites (Benhamou and Chet 1993; Yedidia 
et al. 2000). Several reports indicate that Trichoderma species can effectively suppress Fusarium 
wilt pathogens (Sivan and Chet, 1986; Thangavelu et al. 2004). Thangavelu (2002) reported that 
application of T. harzianum Th-10, as dried banana leaf formulation @ 10 g/plant containing 
4X1031 cfu/g in basal + top dressing on 2, 4 and 6 months after planting in cv. Rasthali 
recorded the highest reduction of disease incidence (51.16%) followed by Bacillus subtilis or 
Pseudomonas fluorescens (41.17%) applications as talc based formulation under both glass house 
and field conditions. The talc based formulation of T. harzianum Th-10 and fungicide treatment 
recorded only 40.1% and 18.1% reduction of the disease respectively compared to control. In 
the Fusarium wilt-nematode interaction system also, soil application of biocontrol agents 
reduced significantly the wilt incidence and also the root lesion and root knot index. In 
addition to this, 50 to 82% of reduction in nematode population viz., Pratylenchus coffeae and 
Meloidogyne incognita was also noted due to application of bioagents and the maximum 
reduction was due to T. harzianum treatment (Thangavelu, 2002). Raghuchander et al. (1997) 
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reported that T. viride and P. fluorescens were equally effective in reducing the wilt incidence. 
Inoculation of potted abaca plants with Trichoderma viride and yeast showed 81.76% and 
82.52% reduction of wilt disease severity respectively in the antagonist treated plants. (Bastasa 
and Baliad, 2005).  
Similarly, soil application of T. viride NRCB1 as chaffy grain formulation significantly 
reduced the external (up to 78%) and internal symptoms (up to 80 %) of Fusarium wilt 
disease in tissue cultured as well as sucker derived plants of banana cv. Rasthali (Silk-AAB) 
and increased the plant growth parameters significantly as compared to the talc powder 
formulation under pot culture and field conditions (Thangavelu and Mustaffa, 2010).  
The possible mechanisms involved in the reduction of Fusarium wilt severity due to 
Trichoderma spp. treatment might be the mycoparasitism, spatial and nutrient competition, 
antibiosis by enzymes and secondary metabolites, and induction of plant defence system. 
The mycoparasitism involves in coiling, disorganization of host cell contents and 
penetration of the host (Papavisas, 1985; University of Sydney, 2003). During the 
mycoparasitism, Trichoderma spp. parasitizes the hyphae of the pathogen and produce 
extracellular enzymes such as proteolytic enzymes, ┚-1, 3- glucanolytic enzymes and 
chitinase etc., which cause lysis of the pathogen. The toxic metabolites such as extracellular 
enzymes, volatiles and antibiotics like gliotoxin and viridin which are highly fungistatic 
substances (Weindling, 1941) are considered as elements involved in antibiosis. In addition, 
Trichoderma spp. could compete and sequester ions of iron (the ions are essential for the plant 
pathogen,) by releasing compounds known as siderophores (Srinivasan et al. 1992). There are 
several reports demonstrating control of a wide range of plant pathogens including Fusarium 
spp. by Trichoderma spp. by elicitation of induced systemic or localized resistance which occur 
due to the interaction of bioactive molecules such as proteins avr-like proteins and cell wall 
fragments released by the action of extracellular enzymes during mycoparasitic reaction. 
Thangavelu and Musataffa, (2010) reported that the application of T. viride NRCB1 as rice 
chaffy grain formulation and challenge inoculation with Foc in cv. Rasthali resulted in the 
induction of defense related enzymes such as Peroxidase and Penylalanine Ammonia lyase 
(PAL) and also the total phenolic content significantly higher (>50%) as compared to control 
and Foc alone inoculated banana plants and the induction was maximum at 4-6th day after 
treatment. They suggested that this increased activities of these lytic enzymes and thus 
increased content of phenols in the T. viride applied plants might have induced resistance 
against Foc by either making physical barrier stronger or chemically impervious to the 
hydrolytic enzymes produced by the pathogen (Thangavelu and Mustaffa, 2010). Morpurgo 
et al. (1994) reported that the activity of peroxidase was at least five times higher in the roots 
and corm tissues of Foc resistant banana variety than in the susceptible variety. Inoculation of 
resistant plants with Foc resulted in 10-fold increase in PO activity after seven days of 
inoculation, whereas the susceptible variety exhibited only a slight increase in PO activity.  
3. Pseudomonas spp.  
Pseudomonas spp. are particularly suitable for application as agricultural biocontrol agents 
since they can use many exudates compounds as a nutrient source (Lugtenberg et al.1999a); 
abundantly present in natural soils, particularly on plant root systems, (Sands & Rovira, 
1971); high growth rate, possess diverse mechanisms of actions towards phytopathogens 
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including the production of a wide range of antagonistic metabolites (Lugtenberg et al. 1991; 
Dowling & O’Gara, 1994; Dunlap et al.1996; Lugtenberg et al., 1999b), easy to grow in vitro 
and subsequently can be reintroduced into the rhizosphere (Lugtenberg et al. 1994; Rhodes 
& Powell, 1994) and capable of inducing a systemic resistance to pathogens (van Loon et al . 
1998; Pieterse et al. 2001). 
Several studies have investigated the ability of P. fluorescens to suppress Fusarium wilt 
disease of banana. Fluorescent pseudomonad species such as Pseudomonas fluorescens 
(Sakthivel and Gnanamanickam 1987), Pseudomonas putida (de Freitas and Germida 1991), 
Pseudomonas chlororaphis (Chin-A-Woeng et al. 1998) and Pseudomonas aeruginosa (Anjaiah et 
al. 2003) have been used to suppress pathogens as well as to promote growth and yield in 
many crop plants. Sivamani and Gnanamanickam (1988) reported that the seedlings of Musa 
balbisiana treated with P.fluorescens showed less severe wilting and internal discoloration 
due to Foc infection in green house experiments. The bacterized seedlings also showed 
better root growth and enhanced plant height.  
Thangavelu et al. (2001) demonstrated that P. fluorescens strain pf10, which was isolated 
from the rhizosphere of banana roots, was able to detoxify the fusaric acid produced by Foc 
race-1 and reduced wilt incidence by 50%. Dipping of suckers in the suspension of P. 
fluorescens along with the application of 500 g of wheat bran and saw dust inoculation (1: 3) 
of the respective bio-control agent effectively reduced Fusarium wilt incidence in banana 
(Raghuchander et al.1997). Rajappan et al. (2002) reported that the talc based powder 
formulation of P. fluorescens strain pf1 was effective against Foc in the field. Pseudomonas 
fluorescens strain WCS 417, known for its ability to suppress other Fusarium wilt diseases, 
reduced the disease incidence by 87· 4% in Cavendish bananas in glasshouse trials (Nel et al. 
2006). Saravanan et al. (2003) demonstrated that either basal application of neem cake at 0.5 
kg/plant + sucker dipping in spore suspension of P. fluorescens for 15 min+ soil application 
of P. fluorescens at 10 g/plant at 3,5 and 7 months after planting or the basal application of 
neem cake at 0.5 kg/plant + soil application of P. fluorescens at 10 g/plant at 3, 5 and 7 
months after planting showed the greatest suppression of wilt disease in two field trials 
conducted in Tamil Nadu, India.  
Fishal et al. (2010) assessed the ability of two endophytic bacteria originally isolated from 
healthy oil palm roots, Pseudomonas sp. (UPMP3) and Burkholderia sp. (UPMB3) to induce 
resistance in susceptible Berangan banana against Fusarium oxysporum f. sp. cubense race 4 
(FocR4) under glasshouse conditions. The study showed that pre-inoculation of banana 
plants with Pseudomonas sp UPMP3 recorded 51% reduction of Fusarium wilt disease 
severity, whereas, the combined application of UPMP3+UPMB3 and single application of 
UPMB3 alone recorded only 39 and 38% reduction of Fusarium wilt disease severity 
respectively. Ting et al. (2011) reported that among six endobacteria isolates, only two 
isolates (Herbaspirillum spp and Pseudomonas spp.) produced volatile compounds which 
were capable of inhibiting the growth of Foc race 4. The compounds were identified as 2-
pentane 3-methyl, methanethiol and 3-undecene. They found that the isolate Herbaspirillum 
spp. recorded 20.3% inhibition of growth of Foc race 4 as its volatile compounds contained 
all the three compounds whereas Pseudomonas isolate AVA02 recorded only 1.4% of growth 
inhibition of race 4 Foc as its volatile compounds contained only methanethiol and 3-
undecene. They concluded that the presence of all these three compounds especially 2-
pentane 3-methyl and also in high quantity is very important for the antifungal activity 
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against Foc. Of the 56 fluorescent pseudomonad isolates obtained from banana rhizosphere, 
Pseudomonas aeruginosa strain FP10 displayed the most potent antibiosis towards the Foc. 
This strain was found to produce IAA, siderophores and phosphate-solubilizing enzyme 
which indicated that this strain is having potential of plant-growth-promoting ability. The 
presence of DAPG gene (ph1D) in the strain FP10 was confirmed by PCR and the 
production of DAPG was confirmed by TLC, HPLC and FT-IR analyses. The in-vivo bioassay 
carried out showed that the banana plants received with pathogen and the strain FP10 
exhibited increased height (30.69cm) and reduced vascular discolouration (24.49%), 
whereas, the pathogen Foc alone-inoculated plants had an average height of 21.81 cm and 
98.76% vascular discolouration (Ayyadurai et al. 2006).  
Saravanan and Muthusamy (2006) reported that soil application of talc-based formulation of P. 
fluorescens at 15 g/plant in banana, suppressed Fusarium wilt disease significantly (30.20 VDI) 
as compared to pathogen Foc alone-inoculated plants (88.89 VDI). It was found that the ability 
of P. fluorescens to suppress Fusarium wilt pathogens depends on their ability to produce 
antibiotic metabolites particularly 2, 4- Diacetylphloroglucinol (DAPG). The metabolite DAPG 
extracted from the rhizosphere of P. fluorescens applied to soil showed significant inhibition of 
growth and spore germination of Foc. They also showed that the quantity of DPAG production 
was less in the extracts of soil, inoculated with P. fluorescens and challenge inoculated with F. 
oxysporum f. sp. cubense as compared to P. fluorescens alone inoculated soil. 
In plants pretreated with P. fluorescens and challenged with pathogen Foc, there was reduction 
in the number of Foc colonies (14 numbers) as compared to the plants treated with Foc alone 
(41 number). A 72% reduction in the pathogen infection was noticed as a result of P.fluorescens 
treatment. Colonies of P.fluorescens in plants challenged with F. oxysporum were reduced to 33 
in number, perhaps due to competition for infection loci (Sukhada et al. 2004). Electron 
microscopic studies revealed that in the root samples of bacteria treated and pathogen 
challenge inoculated plants, there was extensive fungal proliferation in the cortex and had wall 
appositions made of electron-dense materials lining the host cortical cell wall. The wall 
appositions formed were highly significant in restricting the further growth of the fungus. 
They opined that electron-dense materials might have been produced either by the bacteria or 
the host tissue in response to the attacking pathogen. Massive depositions of unusual 
structures at sites of fungal entry was also noticed, which clearly indicated that bacterized root 
cells were signalled to mobilize a number of defence structures for preventing the spread of 
pathogen in the tissue (Sukhada et al. 2004). Pre-inoculated P. fluorescens helped the banana 
plant to resist pathogen attack to some extent due to the structural modification of the root 
system and due to the accumulation of newly formed electron-dense molecules, which may be 
providing the defense mechanism to the host plant. Treatment of ‘Maçã’ banana (Musa spp.; 
group ABB) with endophytic diazotrophic bacteria Herbaspirillum (BA234) and Burkholderia 
(AB202) also resulted in significant reduction of Foc unit propagules as well as increase in 
biomass of the plant in four and two months after plant inoculation with AB202 and BA234 
respectively suggesting that these endophytic diazotrophic bacteria may be used as potential 
bio-fertilizer and bio-control agents for banana (Weber et al. 2007).  
4. Bacillus spp. 
Bacillus subtilis has been identified as a potential biological control agent. These strains could 
produce a wide range of antifungal compounds, such as subtilin, TasA, subtilosin, bacilysin, 
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mycobacillin and some enzymes, which can degrade fungal cell wall (Berg et al. 2001). It 
was suggested that these antibiotic production plays a major role in plant disease 
suppression (Knox et al. 2000; Leelasuphakul et al. 2006). In addition, some antagonistic 
mechanisms of these Bacillus species involves in the competition for nutrients and space, the 
induction of plant resistance, etc. (Guerra-Cantera et al., 2005; Van loon et al., 1998).  
Sun et al. (2011) isolated an antagonistic Bacillus strain, KY-21 from the soil of banana’s 
rhizosphere and tested against Foc both under in-vitro and in-vivo conditions. Under lab 
condition, mycelium growth of the pathogen was seriously inhibited after treatment with 
the fermentation filtrate of KY-21. The microscopic examination of mycelium revealed that 
the tips of the hypha were deformed into spherical structures that were remarkably constricted 
by dual culture. Besides, the inoculation of banana plants with Bacillus strain, KY-21 also 
increased the activities of polyphenol oxidase (PPO) and peroxidase (POD) significantly 
compared to control. The in-vivo biocontrol assays showed that at 60 days after Foc inoculation, 
the plantlets treated with KY-21 exhibited 35% severe wilt symptom and 18.3% severe vascular 
discoloration as against 68.4% and 48.3% of severe wilt symptom and severe vascular 
discoloration respectively in control plantlets. Besides, plantlets inoculated with KY-21 showed 
significantly reduced development of disease as compared to the control. 
5. Actinomycetes  
Actinomycetes particularly Streptomyces spp. are important soil dwelling microorganisms, 
generally saprophytic, spend majority of their life cycle as spores and are best known for 
their ability to produce antibiotics. They may influence plant growth and protect plant roots 
against invasion by root pathogenic fungi (Crawford et al. 1993). Streptomyces species have 
been used extensively in the biological control of several formae speciales of F. oxysporum, 
which caused wilt disease in many plant species (Reddi and Rao 1971; Lahdenpera and Oy, 
1987; Smith et al. 1990). Streptomyces violaceusniger strain G10 isolated from a coastal 
mangrove (Rhizophora apiculata (Blume)] stand, was shown to exhibit strong in-vitro 
antagonism toward several plant pathogenic fungi including Foc race 4. Under in-vivo 
bioassay, treating the planting hole and roots of tissue-culture-derived ‘Novaria’ banana 
plantlets with Streptomyces sp. strain g10 suspension (108 cfu/ml), resulted in 47% reduction 
of leaf symptom index (LSI) and 53% of rhizome discoloration index (RDI) with reduced 
wilt severity when the plantlets were inoculated with 104 spores/ml Foc race 4 compared to 
untreated plantlets. However, the reduction in disease severity was not significant when 
plantlets were inoculated with a higher concentration (106 spores/ml) of Foc race 4 (Getha et 
al. 2005). Getha and Vikineswary (2002) studied the interaction between Streptomyces 
violaceusniger strain g10 and F. oxysporum f.sp. cubense and demonstrated the production of 
antifungal metabolites especially antibiotics by the antagonists which caused swelling, 
distortion, excessive branching and lysis of hyphae and inhibition of spore germination of 
Foc pathogen by the antagonist.  
Among 242 actinomycete strains, isolated from the interior of leaves and roots of healthy 
and wilting banana plants, Streptomyces griseorubiginosus-like strains were the most 
frequently encountered strains. The screening of these strains for antagonistic activity 
against Fusarium oxysporum f. sp. cubense revealed that 50% of the Streptomyces strains 
isolated from healthy trees especially from the roots had antagonistic activities against Foc 
and only 27% of strains isolated from wilting trees showed the same activity (Cao et al. 
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2004). Similarly in 2005, out of 131 endophytic actinomycete strains isolated from banana 
roots, the most frequently isolated and siderophore producing endophytic Streptomyces sp. 
strain S96 was found to be highly antagonistic to Foc. The subsequent in vivo biocontrol 
assays carried out showed that the disease severity index of Fusarium wilt was significantly 
reduced and mean fresh weight of plantlets increased compared to those grown in the 
absence of the biocontrol strain S96 (Cao et al. 2005).  
6. General mode of action of antagonistic bacteria 
Generally biocontrol agents can antagonize soil-borne pathogens through the following 
strategies: (1) Competition for niches and nutrients (niche exclusion), (2) Production of 
secondary metabolites which are used in direct antagonism (3) Growth promotion by 
changing the physiology of the plant and (4) Induction of resistance to disease  
Antagonistic bacteria are more effective against root pathogens only if they have a strong 
ability to colonize the root system (Weller, 1988) and also the fungal hyphae. This is widely 
believed to be essential for biocontrol (Weller et al. 1983; deWeger et al. 1987; Parke, 1990). 
The scanning and transmission electron microscopy study revealed that colonization on 
banana roots, on the hyphal surface and macrospores of Foc fungus race 4, by the endophyte 
Burkholderia cepacia. The study also showed that B. cepacia exists mainly in the intercellular 
space of the banana root tissues. Benhamou et al. (1996) provided evidence that root 
colonization by the endophytic bacterium Pseudomonas fluorescens, involved in a  sequence of 
events that included bacterial attachment to the plant roots, proliferation along the 
elongation root, and local penetration of the epidermis. M’Piga et al. (1997) also confirmed 
the entry of P. fluorescens into the root system and their colonization inside. Once inside the 
host tissue, these bacteria produce an array of antifungal metabolites like siderophores and 
different antibiotics like phenazine-1 carboxylic acid, and 2, 4-diacetylphloroglucinol 
preventing the further advancement of the fungus (Beckman et al. 1982; Mueller & 
Beckmann,1988) by inducing severe cell disturbances in pathogenic fungi (Dowling & 
O’Gara, 1994). Sukhada et al. (2004) also located the colonies of P. fluorescens and Foc in 
banana using respective FITC-conjugated antibodies. They found that the bacterial 
population was relatively greater towards the cortex region of the root as compared to the 
stele region. In plants pretreated with P. fluorescens and challenged with Foc, there was 
reduction in the number of Foc colonies (14 numbers) as compared to the plants treated 
with Foc alone (41 number). 
Competition for nutrients such as carbon, nitrogen or iron is one of the mechanisms through 
which biocontrol strains can reduce the ability of fungal pathogens to propagate in the soil 
(Alabouvette, 1986; Buyer & Leong, 1986; Leong, 1986; Loper & Buyer, 1991; Fernando et al., 
1996; Handelsman & Stabb, 1996). Already established (pre-emptive competitive exclusion) 
or aggressively colonizing biocontrol bacteria can therefore prevent the establishment and 
subsequent deleterious effects of a pathogen. Most organisms, including fluorescent 
Pseudomonas species, take up ferric ions through high-affinity iron chelators, designated as 
siderophores that are released from bacterial cells under Fe3+ limiting conditions. The role 
of siderophores produced by pseudomonads has been well correlated with the biocontrol of 
disease suppressive soils and on the plant growth by supplying the plant with sequestered 
iron. Kloepper et al. (1980) reported that inhibition of the wilt pathogen was attributable to 
iron deprivation caused by pseudomonad siderophores compounds produced in low-iron 
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environments that function in iron transport. It is suggested that the management of Fe 
availability in the infection court, through Fe competition, can induce suppressiveness to a 
Fusarium wilt pathogen. 
Dowling and O’Gara (1994) reported that bacterial endophytes like P. fluorescens produced 
an array of antifungal metabolites like siderophores and different antibiotics like phenazine-
1 carboxylic acid, and 2, 4-diacetylphloroglucinol that could induce severe cell disturbances 
in a number of pathogenic fungi. These compounds have direct effect on the growth of the 
pathogens. Biocontrol bacteria producing chitinase (Shapira et al., 1989; Dunne et al., 1996; 
Ross et al., 2000), protease (Dunlap et al., 1997; Dunne et al., 1998), cellulase (Chatterjee et 
al., 1995) or ┚ glucanases (RuizDuenas & Martinez, 1996; Jijakli & Lepoivre, 1998) were 
shown to suppress plant diseases as these enzymes are involved in the breakdown of fungal 
cell walls by degrading cell wall constituents such as glucans and chitins, resulting in the 
destruction of pathogen structures or propagules. The bacteria also play a major role in 
growth promotion by producing phytohormones such as auxins, gibberellins, cytokinins 
and ethylene (García de Salamone et al., 2001; Remans et al., 2008). Besides promoting 
growth, they induce resistance in plants against pest and disease. There are two types of 
induced resistance exist called Systemic acquired resistance (SAR) and Induced systemic 
resistance (ISR). SAR is dependent on the salicylic acid pathway and is mainly associated 
with pathogen attack or in response to the exogenous application of chemicals such as 
salicylic acid and produces pathogenesis-related (PR) proteins such as ┚ -1,3-glucanases, 
endo-chitinases and thaumatin-like proteins (Ward et al. 1991; Uknes et al. 1992; Rahimi et 
al. 1996; Van Pelt-Heerschap et al. 1999).Bacteria induced defenses in plants are expressed 
through structural and biochemical mechanisms. Structural mechanisms include the 
reinforcement of plant cell walls by deposition of newly formed molecules of callose, lignin 
and phenolic , occlusion of colonized vessels by gels, gums and tyloses (He et al. 2002; Jeun 
et al. 2004 Gordon and Martyn 1997; Olivain and Alabouvette, 1999). Whereas, the 
biochemical mechanism of resistance includes accumulation of secondary metabolites such 
as phytoalexins and production of PR proteins such as ┚ -1,3-glucanases and chitinases. In 
the case of induced systemic resistance (ISR), the resistance induced only after the 
colonization of plant roots by bacteria. After colonization, they produce secondary 
metabolites and volatiles and defense related enzymes (Stougard, 2000; Han et al., 2006), 
which give resistance to plants. The level of defense related enzymes are known to play a 
crucial role in the degree of host resistance. Peroxidase (PO) and Polyphenol oxidase (PPO) 
are believed to be one of the most important factors of the plant’s biochemical defense 
against pathogens, and are actively involved in the self-regulation of plant metabolism after 
infection (Kavitha and Umesha, 2008; Dutta et al., 2008). Peroxidase is involved in substrate 
oxidation and cell wall lignifications; the PPO can oxidize phenolic compounds to quinines. 
Both of these defense mechanisms are associated with disease resistance. ISR elicited by 
PGPR has shown promise in managing a wide spectrum of plant pathogens in several plant 
species under greenhouse and field environments (Radjacommare et al., 2004; Thangavelu et 
al. 2004; Murphy et al., 2003). Fishal et al. (2010) observed increased accumulation of 
resistance-related enzymes such as peroxidase (PO), phenylalanine ammonia lyase (PAL), 
lignithioglycolic acid (LTGA), and pathogenesis-related (PR) proteins (chitinase and ┚-1, 3-
glucanase) in banana plantlets treated with endophytic bacteria UPMP3 and UPMB3 singly 
or as mixture under glasshouse conditions. 
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7. Non-pathogenic Fusarium (npFo) 
Several endophytic isolates of non-pathogenic F. oxysporum (npFo) derived from 
symptomless banana roots provided some degree of protection against Foc race-4 for the 
Cavendish cultivar Williams in the green house (Gerlach et al.1999). Similarly, pre-
treatment of banana plants with endophytic bacterial strain UPM39B3 (Serratia) and 
fungal strain UPM31P1 (Fusarium oxysporum), isolated from the roots of wild bananas 
either singly or in combination resulted in significant increase in plant growth parameters 
in the FocR4 inoculated plants than the diseased plantlets that were not infected with 
endophytes (Ting et al. 2009). It was also observed that the diseased plantlets benefited 
from the improved plant growth were able to survive longer than diseased plantlets 
without endophytes. Nel et al. (2006) evaluated several npFo and Trichoderma isolates 
obtained from suppressive soils in South Africa for the suppression of Fusarium wilt 
disease under glass house conditions. The results of the study indicated that two of the 
nonpathogenic F. oxysporum isolates, CAV 255 and CAV 241 recorded 87.4 and 75.0% 
reduction of Fusarium wilt incidence respectively. Forsyth et al. (2006) isolated three non-
pathogenic F. oxysporum isolates from the roots of banana grown in Fusarium wilt 
suppressive soils and evaluated for their capability for suppressing Fusarium wilt of 
banana in glasshouse trials. The results showed that among the three npFo isolates 
examined, one isolate BRIP 29089, was associated with a significant reduction in internal 
disease symptom development, with 25 % of plants showing mild vascular discoloration 
caused by Foc race 1 and race 4 in Lady Finger and Cavendish (cv. Williams) group of 
banana respectively. Interestingly, Cavendish plants treated with isolate BRIP 45952, and 
inoculated with Foc, displayed a significant increase in internal symptom development, 
with 50 % of the plants showing severe vascular discolouration. Hence, it is important to 
understand that npFo can either reduce or increase the disease severity based on the 
nature of the strains used and hence one should be cautious while selecting strain for 
disease control (Forsyth et al. 2006). Ting et al. (2008) demonstrated the potential of 
endophytic microorganisms in promoting the growth parameters (plant height, 
pseudostem diameter, root mass and total number of leaves) of their host plant by 
artificially introducing five isolates of bacterial and fungal strains isolated from the roots 
of wild bananas into both healthy and diseased banana plantlets (Berangan cv. Intan). The 
results indicated that among the five isolates tested the bacterial isolate UPM39B3 
(Serratia) and fungal isolate UPM31P1 (Fusarium oxysporum) showed tolerance towards 
Fusarium wilt via improving vegetative growth of the plant. This ‘‘tolerance’’ to disease 
may also be attributed to direct inhibition of the pathogen through the production of 
antifungal compounds (White and Cole 1985; Koshino et al. 1989). Thangavelu and 
Jayanthi (2009) selected two npFo isolates (Ro-3 and Ra-1) out of 33 obtained from banana 
rhizosphere soil based on mycelial growth and spore germination under in-vitro 
condition. These two npFo isolates were evaluated under both pot culture and field 
conditions by application: (i) at planting; (ii) at planting + 2 months after planting; and 
(iii) at planting + 2 months after planting + 4 months after planting; in tissue-cultured as 
well as in sucker derived plants of cv. Rasthali (Silk-AAB). The result showed that  
soil application of Ro3 npFo isolate three times in both tissue-cultured and sucker  
derived plants of banana registered 89% reduction of Fusarium wilt severity and  
significant increase in plant growth parameters when compared with Foc alone inoculated  
banana plants.  
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The modes of actions of non- pathogenic Fusarium isolates suggested commonly are: 
competition for nutrients (Couteaudier and Alabouvette, 1990), competition for infection 
sites at the root surface or inside the roots (Fravel et al. 2003) production of secondary 
metabolites, which cause antibiosis and antixenosis and induced resistance (Clay, 1991; 
Dubois et al. 2006). Some endophytes with growth promoting properties are also useful in 
enhancing tolerance to diseases by growth promotion (Ting et al. 2009). 
Although the non-pathogenic Fusarium isolates are useful in controlling the Fusarium wilt 
disease, the main concern are: i) whether the biocontrol agent is truly nonpathogenic, ii) 
whether it may be pathogenic on a species of plant on which it has not yet been tested and 
iii) whether the biocontrol agent could become pathogenic in the future. 
8. Biocontrol agents for tissue cultured plants 
In the case of micro-propagated banana plants, its usage as planting material leads to a 
reduction in the spread of Foc, but at the same time, resulted in enhanced susceptibility to 
Foc under field conditions (Smith et al. 1998) due to the loss of native endophytes during 
tissue culture, including beneficial plant growth promoting rhizobacteria and fungi 
(Nowak, 1998; Smith et al.1998). Therefore, biotization of tissue culture plantlets with 
native effective non-pathogenic endophytic microbes including mycorrhizal fungi during 
first or second stage hardening but before planting, enhance plant resistance to tissue 
cultured plants against Fusarium wilt (Nowak, 1998). Lian et al. (2009) reported that re-
introduction of naturally occurring endophytes to tissue culture banana plantlets resulted 
in a substantial reduction in the infection and severity of Fusarium wilt disease (67%) as 
well as increased plant growth parameters (height, girth, leaf area). Arbuscular 
mycorrhiza (AM) fungi are the most beneficial symbiotic fungi, increases nutrient uptake 
ability of the plant roots, by enhancing the water transport in the plant thus increasing the 
growth and yield. Besides, these fungi have also been shown to provide physical barrier 
against invading pathogens and thus reduce disease severity in short-term green house 
studies. The application of Glomus spp to micropropagated banana plantlets (Grand 
Naine) reduced the internal and external symptoms of Foc race 4 and enhanced plant 
development and nutrient uptake of the plants (Jaizme-vega et al. 1998). Jie et al. (2009) 
re-introduced mixture of naturally-occurring uncultivated endophytes (dominated by ┛-
Proteobacteria) isolated from native healthy banana plant into tissue culture banana 
plantlets led to 67% suppression rate of wilt disease at the fifth month after pathogen 
infection on plantlets in the greenhouse. In addition to disease suppression, growth of 
host plantlets was also promoted with the inoculation of these endophytes both in 
pathogen- infected and healthy control plants. They proposed that the suppression of wilt 
disease was due to increased activities of PPO, POD and SOD enzymes in the plantlets 
inoculated with endophytic communities.  
9. Suppressive soil for the biological control of Fusarium wilt 
Suppressive soils are sites where, despite the presence of a virulent pathogen and 
susceptible host, disease either does not develop, or the severity and spread of disease 
through the site is restricted (Alabouvette et al. 1993). This type of suppressive soils for 
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Fusarium wilt has been reported in many regions of the world. Although the suppression 
has generally been shown to be due to soil physical structure (type of soil, drainage 
condition, presence of montmorillonoid soils and pH) nutritional status and microbial 
composition (Fungi, bacteria and Actinomycetes) and biological factors also said to play a 
major role (Scher and Baker, 1982; Alabouvette et al. 1993). Biological control of Fusarium 
wilts of numerous crops by application of antagonistic fungi and bacteria isolated from 
suppressive soils has been accomplished during the last two decades all over the world 
(Leeman et al., 1996; Lemanceau et al., 1992; Park et al., 1988; Raaijmakers et al., 1995). Most 
of the studies have found that non-pathogenic strains of F. oxysporum are associated with the 
natural suppressiveness of soil to Fusarium wilt diseases (Smith and Snyder, 1971; 
Alabouvette, 1990; Postma & Rattink, 1992). These npFo colonize the plant rhizosphere and 
roots without inducing any symptoms in the plants (Olivain and Alabouvette, 1997). Nel et 
al. (2006) evaluated the ability of non-pathogenic F. oxysporum and Trichoderma isolates from 
suppressive soils in South Africa to suppress Fusarium wilt of banana in the glasshouse. The 
results revealed that only npFo isolates CAV 255 and CAV 241, reduced Fusarium wilt 
incidence by 87·4 and 75·0%, respectively. Smith et al. (1999) proposed that application of 
biocontrol agents isolated from banana roots grown in Fusarium wilt suppressive soil of 
tissue culture plantlets in the nursery. By application of these biocontrol agents, the banana 
roots had a better chance of protection against Foc. Generally, the microbial activity in 
suppressive soil is influenced by type of clay minerals present in the soil. In tropical 
America, a close relationship was found between suppression of Fusarium wilt and 
presence of clay (montmorillonoid type) soils, where as in the Canary Islands, suppression 
was associated with host mineral nutrition (Ploetz, 2000).  
10. Integrated approach of Fusarium wilt management  
In general, most of the available approaches for biocontrol of plant diseases are involved in 
the use of a single biocontrol agent to a single pathogen (Raupach and Kloepper, 1998). This 
has led to inconsistent performance of biocontrol agents and poor activity in all soil 
environments in which they are applied or against all pathogens that attack the host plant. 
To overcome these problems, applications of mixtures of biocontrol agents having multiple 
mode of actions are advocated particularly under field conditions, where they are highly 
influenced by abiotic and biotic conditions (Duffy et al., 1996; Raupach and Kloepper, 1998; 
Guetsky et al., 2001). Integration of biocontrol with agronomic practices may also improve 
the efficacy of the biocontrol organisms and the health of the host plants, which may be 
sensitive to environmental changes. Under this situation, compatible interactions are an 
important pre-requisite for the successful development of an integrated approach for the 
control of plant diseases. In the case of banana, integration of multiple control methods was 
more effective than single method for controlling Fusarium wilt disease in banana. 
Saravanan et al. (2003) carried out both in-vitro and in-vivo studies with biocontrol agents 
along with organic manures to develop integrated disease management practices to control 
Fusarium wilt disease. They found that basal application of neem cake at 0.5 kg/plant + 
sucker dipping in spore suspension of Peudomonas fluorescens for 15 min+soil application of 
P. fluorescens at 10 g/plant at 3,5 and 7 months after planting showed the greatest 
suppression of wilt disease and this was on par with basal application of neem cake at 0.5 
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kg/plant + soil application of P. fluorescens at 10 g/plant at 3,5 and 7 months after planting. 
They also reported that Trichoderma viride applied as soil or sucker dipping or their 
combinations or along with the neem cake also had a significant reduction in disease index, 
but less than that of P. fluorescens. Raghuchander et al. (1997) reported that dipping of 
suckers in the suspension of T.viride along with application of 500 g of wheat bran and saw 
dust inoculation (1: 3) of the respective bio control agent effectively reduced Fusarium wilt 
incidence in banana. Kidane and Laing (2010) developed integrated method of controlling 
Fusarium wilt by integrating biological and agronomic control methods. Single and 
combined applications of non-pathogenic, endophytic Fusarium oxysporum N16 strain by 
dipping their roots in a spore suspension containing 107 cfu ml-1, Trichoderma harzianum Eco-
T® (Plant Health Products (Pty) Ltd. KwaZulu-Natal, South Africa) @ 4L-pt at a 
concentration of 105 conidia ml-1 at the time of planting, monthly application of plants with 4 
L of silicon solution per plant containing 900mg silicon L-1  and placing coarse macademia 
husks at the bottom of banana plants as mulching were tested against F. oxysporum f. sp. 
cubense on bananas under greenhouse and field conditions. The results showed that 
treatments involving combinations of nonpathogenic F. oxysporum, T. harzianum Eco-T®, 
silicon and mulch had significantly higher number of leaves, stem height and girth size than 
single applications of the treatments. They found that the mulching increased the growth 
of feeder roots and created a conducive microenvironment, thereby increased the 
microbial activity in the soil. The combined application of non-pathogenic Fusarium strain 
along with silicon also resulted in reduction of corm disease index by more than 50% and 
shoot yellowing and wilting by 80%. Therefore, integration of biocontrol with agronomic 
practices improved the efficacy of the biocontrol organisms and the health of the host 
plants. Recently Zhang et al. (2011) evaluated the effects of novel bio-fertilizers, which 
combined an amino acid fertilizer and mature pig manure compost with the antagonists 
Paenibacillus polymyxa SQR21, Trichoderma harzianum T37 and Bacillus subtilis N11 (isolated 
from the healthy banana roots) in a severely Fusarium wilt diseased field for the 
suppression of Fusarium wilt of banana as pot experiments. The results showed that the 
bio-organic fertilizers which contained the bio-agents significantly suppressed the 
incidence of wilt disease (by 64–82%), compared to the control. The best biocontrol effect 
was obtained in the treatment with the BIO2 that contains Bacillus subtilis N11. The reason 
for more effect might be due to the application of the antagonists in combination with 
suitable organic amendments.  
Botanical fungicides are also gaining momentum as these are considered as an alternative 
source for chemicals in the management of soil borne pathogens. The active principles 
present in both bio-agents and botanicals may either act on the pathogen directly or induce 
systemic resistance in the host plants resulting in reduction of disease development (Paul 
and Sharma, 2002). Akila et al. (2011) tested two botanical fungicides from Datura metel- 
Wanis 20 EC and Damet 50 EC along with Pseudomonas fluorescens, Pf1 and Bacillus subtilis, 
TRC 54 individually and in combination for the management of Fusarium wilt under 
greenhouse and field conditions. Combined application of botanical formulation and 
biocontrol agents (Wanis 20 EC + Pf1 + TRC 54) reduced the wilt incidence significantly 
under greenhouse (64%) and field conditions (75%). The reduction in disease incidence was 
positively correlated with the induction of defense-related enzymes peroxidase and 
polyphenol oxidase. 
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Sl. no Name of biocontrol agents Mode of action References 
1. Trichoderma viride 
Induction of defense related 
enzymes, production of 
antibiotics 
Thangavelu and 
Mustaffa, 2010 
2. Pseudomonas spp. 
Production of volatiles (2-
Pentane 3-methyl, 
methanethil and 3-undecene, 
antibiotics DAPG and 
Siderophore production. 
Ting et al. 2011 
3 Pseudomonas aeruginosa 
Production of antibiotics (2,4-
Diacetyl Phloroglucinol 
Saravanan and 
Muthusamy, 2006 
4 P. fluorescens 
Competition for space, cell 
wall appositions lining the 
cortical cell wall 
Sukhada et al. 2004  
5. Bacillus spp.  
Antibiotics, induction of 
defense related enzymes such 
as Peroxidase and Polyphenol 
oxidase. 
Sukhada et al. 2004 
6. Streptomyces violaceusniger Production of Antibiotics Getha et al. 2005 
7. Streptomyces violaceusniger Production of Antibiotics 
Getha and 
Vikineswary, 2002 
8 Non-pathogenic Fusarium  Plant growth promotion Ting et al. 2009  
9 Serratia sp.  Plant growth promotion Ting et al. 2008 
10 F. oxysporum  Plant growth promotion Ting et al. 2008 
11 ┛-Proteobacteria 
Increase in Polyphenol 
oxidase,  Peroxidase, 
Superoxide dismutase, 
Jie et al. 2009 
12.  P. fluorescens 
Induction of defense related 
enzymes such as Peroxidase 
&Polyphenol oxidase 
Akila et al. 2011 
13. Bacillus subtilis 
Induction of defense related 
enzymes such as Peroxidase 
&Polyphenol oxidase 
Akila et al. 2011 
 
 
 
Table 1. Summary of Bio-control agents used in the management of Fusarium wilt disease of 
banana with their mode of action. 
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Fig. 1. A) External symptoms (yellowing and buckling of leaves) of Fusarium wilt infected 
banana plant. B) Brown vascular discoloration in the Pseudostem C) Brown vascular 
discoloration in the corm of Fusarium wilt infected plant D) Microscopic view of both macro 
and micro conidia of Foc.  
11. Conclusion 
Although several biocontrol agents including botanicals have been tried against Fusarium 
wilt disease, still this lethal disease could not be controlled completely. Besides most of the 
biocontrol experiments were conducted either under lab condition or green house 
conditions and only in few cases, field experiments were conducted. Therefore, most of the 
bioagents tested against Fusarium wilt of banana have not yet registered and reached the 
end users ie. banana growers. This is mainly because of lack of confidence on the efficacy 
and consistency of the bioagents in controlling the disease. Therefore, for evolving 
consistent and effective biological control methods for the management of Fusarium wilt 
disease are i) the Foc pathogen present in a particular area or country must be characterized 
thoroughly up to VCG level and the bio-agents isolated must be screened under both in vitro 
C
D
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and in vivo conditions ii) the bio-agents having multiple mode of actions and functions 
should be selected rather than selecting bioagents with one or two mode of actions. In 
addition, mixture of bioagents of different genera or mixture of fungal and bacterial 
bioagents along with or without fungicides or botanicals have to be tried to improve the 
level and extent of disease control under different environmental and soil conditions iii) the 
compatibility between bioagents or tolerance of bioagents to chemicals or botanicals must be 
tested, iv) suitable method of mass production and delivery system which support more 
number of propagules and long shelf life, easy to prepare and adopt must be selected, v) 
mass produced bioagents should be applied at right quantity (the initial inoculum level of 
bioagents should be more than the inoculum level of the pathogen) at the right place (at the 
soil around the rhizosphere) at the right time (before planting or at the time of planting and 
also at 2nd and 4th month after planting as booster application) and at the appropriate 
physiological state, vi) mass production and delivery system should be compatible with the 
production system of banana, vii) application of bioagents with other organic amendments 
which can support the survival and multiplication of bio-agents and vii) integration of 
biological control with other cultural or agronomic practices so that the Fusarium wilt 
disease can be controlled effectively.  
12. References 
Akila, R., Rajendran, L., Harish, S,. Saveetha, K., Raguchander, T., Samiyappan. R., 2011. 
Combined application of botanical formulations and biocontrol agents for the 
management of Fusarium oxysporum f. sp. cubense (Foc) causing Fusarium wilt in 
banana. Biological Control 57, 175–183. 
Alabouvette, C., 1986. Fusarium wilt suppressive soils from the Chateaurenard region: 
reviews of a 10 year study. Agronomie 6, 273–284. 
Alabouvette, C., 1990. Biological control of Fusarium wilt pathogens in suppressive soils. In: 
Horn by, D. (Ed.), Biological Control of Soil-borne Plant Pathogens. CAB 
International, Wallingford, pp. 27–43. 
Alabouvette, C., Lemanceau, P., Steinberg, C., 1993. Recent advances in the biological 
control of Fusarium wilts. Pesticides Science 37, 365–373. 
Amsellem, Z., Zidack, N. K., Quimby, P. C., Jr., & Gressel, J. 1999. Long-term dry 
preservation of viable mycelia of two mycoherbicidal organisms. Crop Protection, 
18, 643–649. 
Anjaiah, V., Cornelis, P., Koedam, N., 2003. Effect of genotype and root colonization in 
biological control of Fusarium wilts in pigeonpea and chickpea by Pseudomonas 
aeruginosa PNA1. Canadian Journal of Microbiology 49, 85–91. 
Anonymous,1977. Fusarium oxysporum f. sp. cubense, Distribution maps of plant diseases. 
Map No. 31, 4th ed. Commonwealth Mycological Institute, Kew, England. 
Ayyadurai, N., Ravindra Naik., P Sreehari Rao. M., Sunish Kumar, R., Samrat, S.K., 
Manohar, M., Sakthivel, N., 2006. Isolation and characterization of a novel banana 
rhizosphere bacterium as fungal antagonist and microbial adjuvant in 
micropropagation of banana. Journal of Applied Microbiology 100, 926–937 
Bancroft, J. 1876. Report of the board appointed to enquire into the cause of disease affecting 
livestock and plants. In: Votes and Proceedings 1877, Vol 3, Queensland, pp. 1011-
1038 
www.intechopen.com
Current Advances in the Fusarium Wilt Disease  
Management in Banana with Emphasis on Biological Control 
 
289 
Bastasa, G.N., Baliad, A.A., 2005. Biological control of Fusarium wilt of abaca (Fusarium 
oxysporum) with Trichoderma and yeast. Philippine Journal of Crop Science (PJCS) 
30(2), 29-37 
Beckman, C. H., Mueller, W.C., Tessier, B.J., Harrisson, N.A., 1982. Recognition and callose 
deposition in response to vascular infection in Fusarium wilt-resistant or 
susceptible tomato plants. Physiological Plant Pathology 20, 1–10. 
Benhamou,N., Chet, I., 1993. Hyphal interactions between Trichoderma harzianum and 
Rhizoctonia solani: Ultrastructure and gold cytochemistry of the mycoparasitic 
process. Phytopathology, 83, 1062-1071 
Benhamou, N.,. Belanger, R. R., Paulitz, T., 1996. Ultrastructural and cytochemical aspects 
of the interaction between Pseudomonas fluorescens and Ri T-DNA transformed 
pea roots: host response to colonization by Phythium ultimum Trow, Planta 199, 
105-117. 
Berg. G., Fritze. A., Roskot. N., Smalla. K., 2001. Evaluation of potential biocontrol 
rhizobacteria from different host plants of Verticillium dahliae Kleb. Journal of 
Applied Microbiology 91, 963-971. 
Buyer, J, S., Leong, J., 1986. Iron transport-mediated antagonism between plant growth-
promoting and plant-deleterious Pseudomonas strains. Journal of Biological Chemistry 
261, 791–794. 
Cao, L., Qiu, Z., Dai, X., Tan, H., Lin, Y., Zhou, S., 2004. Isolation of endophytic 
actinomycetes from roots and leaves of banana (Musa acuminata) plants and their 
activities against Fusarium oxysporum f. sp. Cubense. World Journal of Microbiology 
& Biotechnology 20, 501–504. 
Cao, L., Qiu, Z., You, J., Tan, H., Zhou,S., 2005. Isolation and characterization of endophytic 
streptomycete antagonists of fusarium wilt pathogen from surface-sterilized 
banana roots. FEMS Microbiology Letters 247, 147–152. 
Carefoot. G. L., Sprott, E. R., 1969. 'Famine on the Wind.' (Angus and Robertson: London) 
Chatterjee, A., Cui, Y., Liu, Y., Dumenyo, C. K., Chatterjee, A. K. 1995. Inactivation of rsmA 
leads to overproduction of extracellular pectinases, cellulases, and proteases in 
Erwinia carotovora subsp. carotovora in the absence of the starvation/cell density-
sensing signal, N-(3-oxohexanoyl) - L-homoserine lactone. Applied Environmental 
Microbiology 61, 1959–1967. 
Chin-A-Woeng, T.F.C., Bloemberg, G.V., Vander Bij, A.J., Vander Drift, K.M.G.M., Schripse-
ma, J., Kroon, B., Scheffer, R.J., Keel, C., 1998. Biocontrol by phenazine-1-
carboxamide-producing Pseudomonas chlororaphis PCL1391 of tomato root rot 
caused by Fusarium oxysporum f. sp. radicis lycopersici. Mol Plant Microbe Interact 
11, 1069–1077. 
Clay, K., 1991. Endophytes as antagonists of plant pests. In: Andrews J. H., Hirano, S. S., 
(eds. Huang, T.Y., 1991) Soil suppressive of banana Fusarium wilt in Taiwan. Plant 
Microbial ecology of leaves. Springer, New York, 331–357. 
Couteaudier, Y., Alabouvette, C., 1990. Survival and inoculum potential of conidia and 
chlamydospores of Fusarium oxysporum f.sp. lini in soil. Canadian Journal of 
Microbiology 36, 551–556. 
Crawford, D.L., Lynch, J.M., Whipps, J.M., Ousley, M.A., 1993. Isolation and 
characterization of actinomycete antagonists of a fungal root pathogen. Applied 
Environmental Microbiology 59, 3899–3905. 
www.intechopen.com
 
Plant Pathology 
 
290 
de Freitas, J.R., Germida, J.J., 1991. Pseudomonas cepacia and Pseudomonas putida as winter 
wheat inoculants for biocontrol of Rhizoctonia solani. Canadian Journal of 
Microbiology 37, 780–784. 
de Weger, L.A., van der Vlught, C.I.M., Wijfjes, A.H.M., Bakker, P.A.H.M., Schippers, B., 
Lugtenberg, B.J.J., 1987. Flagella of a plant growth-stimulating Pseudomonas 
fluorescens strain are required for colonization of potato roots. Journal of 
Bacteriology 169, 2769–2773. 
Domsch, K. H., Gams, W., Anderson, T. H., 1980. Compendium of Soil Fungi, Vol. 1. 
Academic Press, New York.  
Dowling, D.N., O’Gara, F., 1994. Metabolites of Pseudomonas involved in the biocontrol of 
plant disease. Trends in Biotechnology 3, 121–141. 
Dubois, T., Gold, C. S., Paparu, P., Athman S., Kapindu, S., 2006. Tissue culture and the in 
vitro environment. Enhancing plants with endophytes: potential for ornamentals? 
In: Teixeira S. J., (ed) Floriculture, ornamental and plant biotechnology: advances 
and topical issues, 3rd edn. Global Science Books, London, 397–409.  
Duffy, B.K., Simon, A., Weller, D.M., 1996. Combination of Trichoderma koningii with 
fluorescent pseudomonads for control of take-all on wheat. Phytopathology 86: 
188–194. 
Dunlap, C., Crowley, J. J, Moënne-Loccoz, Y., Dowling, D.N, de Bruijn FJ, O’Gara F. 1997. 
Biological control of Pythium ultimum by Stenotrophomonas maltophilia W81 is 
mediated by an extracellular proteolytic activity. Microbiology 143, 3921–3931. 
Dunlap, C., Delaney, I., Fenton, A., Lohrke. S., Moënne-Loccoz, Y., O’Gara, F., 1996. The 
biotechnology and application of Pseudomonas inoculants for the biocontrol of 
phytopathogens, 441– 448. In: Stacey, G., Mullin, B., Gresshoff, P.M., eds. Biology of 
plant microbe interactions. St Paul, MN, USA: International Society for Molecular 
Plant–Microbe Interactions. 
Dunne, C., Delany, I., Fenton, A., O’Gara, F., 1996. Mechanisms involved in biocontrol by 
microbial inoculants. Agronomie 16, 721–729. 
Dunne, C., Moenne, L.Y., McCarthy, J., Higgins, P., Powell, J., Dowling, D., O’Gara, F., 1998. 
Combining proteolytic and phloroglucinol-producingbacteria for improved 
biocontrol of Pythium-mediated damping-off of sugar beet. Plant Pathology 47, 
299–307. 
Dutta, S., Mishra, A. K, Dileep Kumar, B.S., 2008. Induction of systemic resistance against 
fusarial wilt in pigeon pea through interaction of plant growth promoting 
rhizobacteria and rhizobia. Soil Biol. Biochem., 40: 452-461. 
Fernando, W.G.D., Watson, A. K., Paulitz, T.C., 1996. The role of Pseudomonas spp. and 
competition for carbon, nitrogen and iron in the enhancement of appressorium 
formation by Colletotrichum coccodes on velvetleaf. European Journal of Plant 
Pathology 102, 1–7. 
Fishal, E.M.M., Meon, S., Yun, W.M., 2010. Induction of Tolerance to Fusarium Wilt and 
Defense-Related Mechanisms in the Plantlets of Susceptible Berangan Banana Pre-
Inoculated with Pseudomonas sp. (UPMP3) and Burkholderia sp. (UPMB3). 
Agricultural Sciences in China 9, 1140-1149.  
Forsyth, L. M., Smith, L.J., Aitken, E., A. B., 2006. Identification and Characterization of non-
pathogenic Fusarium oxysporum capable of increasing and decreasing Fusarium wilt 
severity. Mycological Research 30, 1-7. 
www.intechopen.com
Current Advances in the Fusarium Wilt Disease  
Management in Banana with Emphasis on Biological Control 
 
291 
Fravel, D., Olivain, C., Alabouvette, C., 2003. Fusarium oxysporum and its biocontrol. New 
Phytologist 157, 493–502. 
García de Salamone, I.E., Hynes, R.K., Nelson, L. M., 2001. Cytokinin production by plant 
growth promoting rhizobacteria and selected mutants. Canadian Journal of 
Microbiology 47, 404–411. 
Gerlach, K.S., Bentley, S., Moore, N.Y., Aitken, E.A.B., Pegg, K.G., 1999. Investigation of non-
pathogenic strains of Fusarium oxysporum for suppression of Fusarium wilt of 
banana in Australia. In: Alabouvette C, ed. Second International Fusarium 
Workshop. Dijon, France. 
Getha K., Vikineswary, S., Wong, W., Seki, T., Ward, A., Goodfellow, M., 2005. Evaluation of 
Streptomyces sp. strain G10 for suppression of Fusarium wilt and rhizosphere 
colonization in pot grown banana plantlets. Journal of Industrial Microbiology and 
Biotechnology 32, 24-32.  
Getha, K., Vikineswary, S., 2002. Antagonistic effects of Streptomyces violaceusniger strain G10 
on Fusarium oxysporum f.sp. cubense race 4: Indirect evidence for the role of 
antibiosis in the antagonistic process. Journal of Industrial Microbiology & 
Biotechnology. 28, 303 – 310. 
Gordon, T.R., Martyn, R. D. 1997. The evolutionary biology of Fusarium oxysporum. Annu 
Rev Phytopathol 35, 111–28. 
Guerra-Cantera MARV, Raymundo, A.K., (2005). Utilization of a polyphasic approach in the 
taxonomic reassessment of antibiotic and enzyme-producing Bacillus spp. isolated 
from the Philippines. World. J. Microb. Biot., 21: 635-644 
Guetsky, R., Shtienberg, D., Elad, Y., Dinoor, A., 2001. Combining biocontrol agents 
to reduce the variability of biological control. Phytopathology 91, 621–627. 
Han, S.H., Lee, S.J., Moon, J.H., Yang, K.Y., Cho, B.H., Kim, K.Y., Kim, Y.W., Lee, M.C., 
Anderson, A.J., Kim, Y.C., 2006. GacS-dependent production of 2R, 3R butanediol 
by Pseudomonas chlororaphis O6 is a major determinant for eliciting systemic 
resistance against Erwinia carotovora but not against Pseudomonas syringae pv. 
tabaci in tobacco. Interaction 19, 924–930. 
Handelsman, J., Stabb, E.V., 1996. Biocontrol of soilborne plant pathogens. Plant Cell 8, 
1855–1869. 
He, C.Y., Hsiang, T., Wolyn, D.J., 2002. Induction of systemic disease resistance and 
pathogen defence responses in Asparagus officinalis inoculated with non-pathogenic 
strains of Fusarium oxysporum. Plant Pathology 51, 225–30. 
Herbert, J.A., Marx, D., 1990. Short-term control of Panama disease in South Africa. 
Phytophylactica 22, 339–340. 
Hwang, S.C., 1985. Ecology and control of Fusarium wilt of banana. Plant Protection Bulletin 
(Taiwan) 27, 233-245. 
Jaizme-Vega M.C., Hernández, B.S., and Hernández, J.M., 1998. Interaction of arbuscular 
mycorrhizal fungi and the soil pathogen Fusarium oxysporum f.sp. cubense on the 
first stages of micropropagated Grande Naine banana. Acta Horticulturae 490, 285–
95. 
Jeun, Y.C., Park, K.S., Kim, C., Fowler, W.D., Kloepper, J.W., 2004. Cytological observations 
of cucumber plants during induced resistance elicited by rhizobacteria. Biol 
Control 29, 34–42. 
www.intechopen.com
 
Plant Pathology 
 
292 
Jie, L., Zifeng, W., Lixiang, C., Hongming, T., Patrik, I., Zide, J., Shining, Z., 2009. Artificial 
inoculation of banana tissue culture plantlets with indigenous endophytes 
originally derived from native banana plants. Biological control. 51, 427-434. 
Jijakli, M.H., Lepoivre, P., 1998. Characterization of an exo-beta-1, 3-glucanase produced by 
Pichia anomala strain K, antagonist of Botrytis cinerea on apples. Phytopathology 88, 
335–343. 
Kidane, E.G., Laing, M.D., 2010. Integrated Control of Fusarium Wilt of Banana (Musa spp.) 
In. Proc. IC on Banana & Plantain in Africa Eds: T. Dubois et al. Acta Horticulture, 
879, 315-321. 
Kavitha, R., Umesha, S., 2008. Regulation of defense-related enzymes associated with 
bacterial spot resistance in tomato. Phytoparasitica 36, 144-159. 
Kloepper, J.L., Leong, J., Teintze, M., Schroth, M.N., 1980. Pseudomonas siderophores: a 
mechanism explaining disease-suppressive soils. Curr. Microbiol 4, 317–320. 
Knox O.G.G., Killham, K., Leifert, C., 2000. Effects of increased nitrate availability on the 
control of plant pathogenic fungi by the soil bacterium Bacillus subtilis. Appl. Soil 
Ecol 15, 227-231. 
Koshino, H., Terada, S., Yoshihara, T., Sakamura, S., Shimanuki, T., Sato, T., Tajimi, A., 1989. 
A ring B aromatic sterol from stromata of Ephichloe typhina. Phytochemistry, 28, 
771-772. 
Lahdenpera, M. L., Oy, K., 1987. The control of Fusarium wilt on carnation with a 
Streptomyces preparation. Acta Horticult 216, 85– 92. 
Lakshmanan, P., Selvaraj, P., Mohan, S., 1987. Efficiency of different methods for the control 
of Panama disease. Trop. Pest Manage 33, 373–376. 
Larkin, R.. Fravel, D., 1998. Efficacy of various fungal and bacterial biocontrol organisms for 
the control of Fusarium wilt of tomato. Plant Disease 82, 1022-1028.  
Leelasuphakul, W., Sivanunsakul, P., Phongpaichit, S., 2006. Purification, characterization 
and synergistic activity of ┚-1,3- glucanase and antibiotic extract from an 
antagonistic Bacillus subtilis NSRS 89-24 against rice blast and sheath blight. 
Enzym. Microb. Technol 38, 990-997. 
Leeman, M., Vanpelt, J.A., Den Ouden, F.M., Heinsbroek, M., Bakker, P.A.H.M., Schippers, 
B., 1996. Iron availability affects induction of systematic resistance to fusarium wilt 
to radish by Pseudomonas fluorescens. Phytopathology 86, 149–155. 
Lemanceau, P., Alabouvette, C., 1991. Biological control of Fusarium diseases by fluorescent 
Pseudomonas and non-pathogenic Fusarium. Crop Protection 10, 279-286. 
Lemanceau, P., Bakker, P.A.H.M., DeKogel, W.J., Alabouvette, C., Schippers, B., 1992. Effect 
of pseudobactin 358 production of Pseudomonas putida wcs 358 on suppression of 
fusarium wilt of carnations by non pathogenic Fusarium oxysporum FO47. 
Applied Environmental Microbiology 58, 2978–2982. 
Leong, J., 1986. Siderophores: their biochemistry and possible role in the biocontrol of plant 
pathogens. Annual Review of Phytopathology 24, 187–209. 
Lian, J., Wang, Z., Cao, L., Tan, H., Inderbitzin, P., Jiang, Z., Zhou, S., 2009. Artificial 
inoculation of banana tissue culture plantlets with indigenous endophytes 
originally derived from native banana plants. Biological Control 51, 427–434. 
Loper, J.E., Buyer, J.S., 1991. Siderophores in microbial interactions on plant surfaces. 
Molecular Plant–Microbe Interaction 4, 5–13. 
www.intechopen.com
Current Advances in the Fusarium Wilt Disease  
Management in Banana with Emphasis on Biological Control 
 
293 
Lugtenberg, B.J.J., de Weger, L.A., Bennett, J.W., 1991. Microbial stimulation of plant growth 
and protection from disease. Current Opinions in Biotechnology 2, 457–464. 
Lugtenberg, B.J.J., de Weger, L.A., Schippers, B., 1994. Bacterization to protect seed and 
rhizosphere against disease. BCPC Monograph 57, 293–302. 
Lugtenberg, B.J.J., Dekkers, L.C., Bansraj, M., Bloemberg, G.V., Camacho, M., Chin-A- 
Woeng, T.F.C., van den Hondel, C., Kravchenko, L., Kuiper, I., Lagopodi, A.L., Mulders, I., 
Phoelich, C., Ram, A., Tikhonovich, I., Tuinman, S., Wijffelman, C., Wijfjes A., 
1999b. Pseudomonas genes and traits involved in tomato root colonization. In: De 
Wit PJGM, Bisseling, T., Stiekema, W.J., eds 1999. IC-MPMI Congress Proceedings: 
biology of plant–microbe interactions, Vol. 2. St Paul, MN, USA: International 
Society for Molecular Plant–Microbe Interactions, 324–330. 
Lugtenberg, B.J.J., Kravchenko, L.V., Simons, M. 1999a. Tomato seed and root exudate 
sugars: composition, utilization by Pseudomonas bio-control strains and role in 
rhizosphere colonization. Environmental Microbiology 1, 439–446. 
M’Piga, P., Belanger, R.R., Paulitz, T.C., Benhamou, N., 1997. Increased resistance to 
Fusarium oxysporum f. sp. radicis-lycopersici in tomato plants treated with the 
endophytic bacterium Pseudomonas fluorescens strain 63–28. Physiology Molecular 
Plant Pathology 50, 301–320. 
Marois, J.J., Mitchel, D.J., Somada, R.M. 1981. Biological control of Fusarium crown and root 
rot of tomato under field condition. Pytopathology 12, 1257-1260.  
Molina, A.B., Valmayor, R. V., 1999. Banana production systems in South East Asia. Bananas 
and Food security, Pica C., Foure, E., Frison, E.A., (eds.), INIBAP, Montpellier, 
France, 423-436. 
Moore, N.Y., Pegg, K.G., Bentley, S., Smith, L.J., 1999. Fusarium wilt of banana: global 
problems and perspectives. In: Molina, A.B., Masdek, N.H.N. Liew, K.W, (eds). 
Banana Fusarium Wilt Management: Towards Sustainable Cultivation. Proceedings 
of the International Workshop on Banana Fusarium Wilt Disease. Kuala Lumpur, 
Malaysia: INIBAP, 11–30. 
Morpurgo, R., Lopato, S.V., Afza, R., Novak, F.J., 1994. Selection parameters for resistance to 
Fusarium oxysporum f.sp.cubense race 1 and race 4 on diploid banana (Musa 
acuminata Colla). Euphytica 75, 121-129. 
Mueller, W.C., Beckman C.H., 1988. Correlated light and EM studies of callose deposits in 
vascular parenchyma cells of tomato plants inoculated with Fusarium oxysporum 
f.sp. lycopersici. Physiological and Molecular Plant Pathology 33, 201–208. 
Murphy, J.F., Reddy, M.S., Ryu, C.M., Kloepper, J.W., Li, R., 2003. Rhizobacteria mediated 
growth promotion of tomato leads to protection against Cucumber mosaic virus. 
Phytopathology 93, 1301–1307 
Nel, B., Steinberg, C., Labuschagne, N., Viljoen, A., 2006. The potential of nonpathogenic 
Fusarium oxysporum and other biological control organisms for suppressing 
fusarium wilt of banana. Plant Pathology 55, 217–223. 
Nelson, P. E., Toussoun, T. A., Marasas, W.F.O., 1983. Fusarium species: An illustrated 
Manual for identification. Pennsylvania State University Press, University Park. 
Nowak, J., 1998. Benefits of in vitro 'biotization' of plant tissue cultures with microbial 
inoculants. In vitro cell development biology-Plant 34, 122-130 
www.intechopen.com
 
Plant Pathology 
 
294 
Olivain C, Alabouvette C., 1999. Process of tomato root colonization by a pathogenic strain 
of Fusarium oxysporum f. sp. lycopersici in comparison with a non-pathogenic strain. 
New Phytologist 141, 497–510. 
Olivain, C., Alabouvette, C., 1997. Colonization of tomato root by a non-pathogenic strain of 
Fusarium oxysporum. New Phytologist 137, 481-494. 
Papavizas, G.C., 1985. Trichoderma and Gliocladium: biology, ecology and potential for 
biocontrol. Annu Rev Phytopathol 23, 23–54. 
Park, C.S., Paulitz, T.C., Baker, R., 1988. Biocontrol of Fusarium wilt of cucumber resulting 
from interactions between Pseudomonas putida and non-pathogenic isolates of 
Fusarium oxysporum. Phytopathology 78, 190–4. 
Parke, J. L., 1990. Population dynamics oi Pseudomona.s cepacia in the pea spermosphere in 
relation to biocontroi of Pythium. Phytopathology 80, 1307-1311. 
Paul, P.K., Sharma, P.D., 2002. Azadirachta indica leaf extract induces resistance in barley 
against leaf stripe disease. Physiology and Molecular Plant Pathology 61, 3–13. 
Paul, P.K., Sharma, P.D., 2002. Azadirachta indica leaf extract induces resistance in barley 
against leaf stripe disease. Physiology and Molecular Plant Pathology 61, 3–13 
Pieterse, C.M.J., van Pelt J.A., van Wees S.C.M., Ton, J., Leon-Kloosterziel K.M., Keurentjes 
J.J.B., Verhagen B.W.M., van Knoester, M,, dSI, Bakker, P.A.H.M., van Loon, L.C., 
2001. Rhizobacteria-mediated induced systemic resistance: triggering, signalling 
and expression. European Journal of Plant Pathology 107,51–61. 
Ploetz, R. C., 2005. Panama disease, an old enemy rears its ugly head: Parts 1 and 2. In: Plant 
Health Progress, APSnet: Online doi:10.1094/PHP-2005-1221-01-RV. 
Ploetz, R. C., Pegg, K. G., 1997. Fusarium wilt of banana and Wallace’s line: Was the disease 
originally restricted to his Indo-Malayan region? Australasian Plant Pathology 26, 
239-249. 
Ploetz, R. C., Pegg, K. G., 2000. Fusarium wilt. Pages 143-159 In: Diseases of Banana, Abacá 
and Enset. D. R. Jones, ed. CABI Publishing, Wallingford, UK. 
Ploetz, R.C., 2000. Panama disease: a classic and destructive disease of banana. Plant Health 
Progress 10, 1–7. 
Postma, J., Rattink, H., 1992. Biological control of Fusarium wilt of carnation with a non-
pathogenic isolate of Fusarium oxysporum. Canadian Journal of Botany 70, 1199–
205.  
Raaijmakers, J.M., Leeman, M., van Oorschot, M.M.P., er Sluis, I.V., Schippers, b., bakker, 
P.A.h.m., 1995. Dose-response relationships in biological control of Fusarium wilt of 
radish by pseudomonas spp. Phytopathology 85, 1075-1081.  
Radjacommare, R., Ramanathan, A., Kandan, A., Harish, S., Thambidurai, G., Sible, G.V., 
Ragupathy, N., Samiyappan, R., 2004. PGPR mediates induction of pathogenesis – 
related (PR) proteins against the infection of blast pathogen in resistant and 
susceptible fingermillet cultivars. Plant and Soil 266, 165–176. 
Raguchander, T., Jayashree, K., Samiyappan, R., 1997. Management of Fusarium wilt of 
banana using antagonistic microorganisms. Journal of Biological Control 11, 101–
105. 
Rahimi, S., Perry, R. N., Wright, D.G. 1996. Identification of pathogenesis related proteins 
induced in leaves of potato plants infected with potato cyst nematodes, Globodera 
species. Physiological Molecular Plant Pathology 49, 49–59. 
www.intechopen.com
Current Advances in the Fusarium Wilt Disease  
Management in Banana with Emphasis on Biological Control 
 
295 
Rajappan, K., Vidhyasekaran, P., Sethuraman, K., Baskaran, T. L., 2002. Development of 
powder and capsule formulations of Pseudomonas fluorescens strain Pf-1 for the 
control of banana wilt. Zeitschrift für Pflanzenkrankheiten und Pflanzenschutz 109, 
80–87. 
Raupach, G.S., Kloepper, J.W., 1998. Mixtures of plant growth-promoting rhizobacteria 
enhance biological control of multiple cucumber pathogens. Phytopathology 88, 
1158–1164. 
Reddi, G. S., Rao. A. S., 1971. Antagonism of soil actinomycetes to some soil - borne plant 
pathogenic fungi. Indian Phytopathol 24, 649–657. 
Remans, R., Beebe, S., Blair, M., Manrique, G., Tovar, E., Rao, I., Croonenborghs, A., Torres-
Gutierrez, R., El-Howeity, M., Michiels, J., Vanderleyden, J., 2008. Physiological and 
genetic analysis of root responsiveness to auxin-producing plant growth-
promoting bacteria in common bean (Phaseolus vulgaris L.). Plant and Soil 302, 149–
161. 
Rhodes, D.J., Powell, K.A., 1994. Biological seed treatments – the development process. 
BCPC Monograph 57, 303–310. 
Ross, I. L., Alami, Y., Harvey, P.R., Achouak, W., Ryder, M.H., 2000. Genetic diversity and 
biological control activity of novel species of closely related pseudomonads isolated 
from wheat field soils in South Australia. Applied Environmental Microbiology 66, 
1609–1616. 
RuizDuenas, F.J., Martinez, M.J., 1996. Enzymatic activities of Trametes versicolar and 
Pleurotus eryngii implicated in biocontrol of Fusarium oxysporum f. sp. lycopersici. 
Current Microbiology 32, 151–155. 
Sakthivel, N., Gnanamanickam, S.S., 1987. Evaluation of Pseudomonas fluorescens for 
suppression of sheath rot disease and for the enhancement of grain yields in rice 
(Oryza sativa L.). Applied Environmental Microbiology 53, 2056–2059. 
Sands, D.C., Rovira, A.D., 1971. Pseudomonas fluorescens biotype G, the dominant fluorescent 
pseudomonad in South Australian soils and wheat rhizospheres. Journal of 
Applied Bacteriology 34, 261–275. 
Saravanan, T., Muthusamy, M., 2006. Influence of Fusarium oxysporum f. sp. cubense (e.f. 
smith) Snyder and Hansen on 2, 4- diacetylphloroglucinol production by 
pseudomonas fluorescens migula in banana rhizosphere. Journal of plant 
protection research 46, 241-254 
Saravanan, T., Muthusamy, M., Marimuthu, T., 2003. Development of integrated approach 
to manage the Fusarial wilt of banana. Crop Protection 22, 1117–1123. 
Scher, F. M., Baker, R., 1982. Effect of Pseudomonas putida and a synthetic iron chelator on 
induction of soil suppressiveness to Fusarium wilt pathogen. Phytopathology 72, 
1567-1573. 
Shapira, R., Ordentlich, A., Chet, I., Oppenheim, A.B., 1989. Control of plant diseases by 
chitinase expressed from cloned DNA in Escherichia coli. Phytopathology 79, 1246–
1249. 
Sivamani, E., Gnanamanickam, S. S., 1988. Biological control of Fusarium oxysporum f.sp. 
cubense in banana by inoculation with Pseudomonas fluorescens. Plant Soil 107, 3 9. 
Sivan, A., Chet, I., 1986. Biological control of Fusarium spp. in cotton, wheat and muskmelon 
by Trichoderma harzianum. J.Phytopathol. 116, 39–47. 
www.intechopen.com
 
Plant Pathology 
 
296 
Smith, J., Putnam, A., Nair, M., 1990. In vitro control of Fusarium diseases of Asparagus 
officinalis L. with a Streptomyces or its polyene antibiotic, faeriefungin. J Agric Food 
Chem 38, 1729–1733. 
Smith, M. R., Hamil, S. D., Doogan, V. J., Daniells, J. W., 1999. Chracterization and early 
detection of an off type from micropropagated Lady Finger bananas. Australian 
Journal of Experimental Agriculture 39,1017-023. 
Smith, M., Wiley, A., Searle, C., Langdon, P., Schaffer, B., Pegg, K., 1998. Micropropagated 
bananas are more susceptible to Fusarium wilt than plants grown from 
conventional material. Australian Journal of Agricultural Research 49, 1133–1139. 
Smith, S. N., Snyder, W. C., 1971. Relationship of inoculum density and soil types to severity 
of Fusarium wilt of sweet potato. Phytopathology 61, 1049-1051. 
Srinivasan, U., Staines, H. J., Bruce, A.,1992. Influence of media type on antagonistic modes 
of Trichoderma spp. against wood decay basidiomycetes, Mater. Org. 27, 301–321. 
Stougard, J., 2000. Regulators and regulation of legume root nodule development. Plant 
Physiology 124, 531–540. 
Stover, R. H., 1962. Fusarial Wilt (Panama Disease) of Bananas and Other Musa Species. 
Commonwealth Mycological Institute, Kew, England. 
Su, H. J., Hwang, S. C., Ko, W. H., 1986. Fusarial wilt of Cavendish bananas in Taiwan. Plant 
Disease 70, 814–818. 
Sukhada, M., Manamohan, M., Rawal, R.D., Chakraborty, S., Sreekantappa, H., Manjula, R., 
Lakshmikantha, H.C., 2004. Interaction of Fusarium oxysporum f.sp. cubense with 
Pseudomonas fluorescens precolonized to banana roots. World Journal of 
Microbiology & Biotechnology 20, 651–655. 
Sun, J.B., Peng, M., Wang, Y.G., Zhao P.J., Xia Q.Y., 2011. Isolation and characterization of 
antagonistic bacteria against Fusarium wilt and induction of defense related 
enzymes in banana. African Journal of Microbiology Research 5, 509-515.  
Suslow, T. V., 1982. Role of root-colonizing bacteria in plant growth. In: Mount, M. S., and 
G.H. Lacy (eds), Phytopathogenic prokaryotes. Vol. I, pp. 187-223. Academic Press, 
Inc., New York, 
Thangavelu, R. 2002. Characterization of Fsarium oxysporum schlecht. f.sp. cubense (e.f. smith) 
snyd. & hans. and Molecular Approaches for the Management of Fusarium Wilt of 
Banana. Ph.D. thesis. Tamil Nadu Agricultural University, Coimbatore,Tamil 
Nadu, India,. 254 pp. 
Thangavelu, R., and Mustaffa M.M., 2010. A Potential isolate of Trichoderma viride 
NRCB1and its mass production for the effective management of Fusarium wilt 
disease in banana. Tree and Forestry Science and Biotechnology 4 (Special issue 2), 
76-84. 
Thangavelu, R., Palaniswami, A., Ramakrishnan, G., Sabitha, D., Muthukrishnan, S., 
Velazhahan, R., 2001. Involvement of Fusaric acid detoxification by Pseudomonas 
fluorescens strain Pf10 in the biological control of Fusarium wilt of banana caused 
by Fusarium oxysporum f.sp. cubense. Journal of Plant Disease and Protection 108, 
433-445. 
Thangavelu, R., Palaniswami, A., Velazhahan, R., 2004. Mass production of Trichoderma 
harzianum for managing Fusarium wilt of banana. Agriculture, Ecosytems and 
Environment 103, 259–263. 
www.intechopen.com
Current Advances in the Fusarium Wilt Disease  
Management in Banana with Emphasis on Biological Control 
 
297 
Thangavelu,R., Jayanthi, A., 2009. RFLP analysis of rDNA-ITS regions of native non-
pathogenic Fusarium oxysporum isolates and their field evaluation for the 
suppression of Fusarium wilt disease of banana. Australasian Plant Pathology 38, 
13–21. 
Ting, A.S.Y., Mah, S.W., Tee, C.S., 2011. Detection of potential volatile inhibitory compounds 
produced by endobacteria with biocontrol properties towards Fusarium oxysporum 
f. sp. cubense race 4. World J Microbiol Biotechnol. 27, 229–235. 
Ting, A.S.Y., Meon,S., Kadir, J., Son Radu,S., Singh, G., 2008. Endophytic microorganisms as 
potential growth promoters of banana. BioControl 53, 541–553 
Ting, A.S.Y., Sariah, M., Kadir, J., Gurmit, S., 2009. Field evaluation of Non- pathogenic 
Fusarium oxysporum isolates UPM31P1 and UPM39B3 for the control of Fusarium 
wilt in ‘Pisang Berangan’ (Musa, AAA). In. Proceedings on Banana crop protection 
for Sustainable Production and Improved Livelihoods (Eds. D. Jones and I. Van 
den Berg. Acta Horticulture 828, 139-143.  
Uknes, S., Mauch-Mani, B., Moyer, M., Potter, S., Williams, S., Dincher, S., 1992. Acquired 
resistance in Arabidopsis. Plant Cell 4, 645–56. 
University of Sydney. 2003. Disease management: Biological control.  
 http://bugs.bio.usyd.edu.au/plantpathology 
Van loon, L.C., Bakker, P.A., Pieterse, C.M., 1998. Systemic resistance induced by rhizospere 
bacteria. Annu. Rev. Phytopathol 36, 453-483. 
Van Pelt-Heerschap, H., Smit-Bakker, O., 1999. Analysis of defense-related proteins in stem 
tissue of carnation inoculated with a virulent and avirulent race of Fusarium 
oxysporum f. sp. dianthi. Eur J Plant Pathol 105,681–91. 
Ward, E. R, Uknes, S.J, Williams, S.C, Dincher, S.S, Wiederhold, D.L, Alexander, D.C, 1991. 
Coordinate gene activity in response to agents that induce systemic acquired 
resistance. Plant Cell 3, 1085–94. 
Wardlaw, C.W., 1961. Banana diseases, including Plantains and Abaca. Longmans, Green 
and Co. Ltd, London, 648.  
Weber, O.B., Celli R. Muniz, C.R., Aline O. Vitor, A.O., Freire, F.C.O., Valéria M. Oliveira, 
V.M., 2007. Interaction of endophytic diazotrophic bacteria and Fusarium oxysporum 
f. sp. cubense on plantlets of banana ‘Maça’ Plant Soil 298, 47–56 
Weindling, R. 1941. Experimental consideration of the mold toxin of Gliocladium and 
Trichoderma. Phytopathology 31, 991-1003 
Weller, D.M., 1983. Colonization of wheat roots by a fluorescent pseudomonad suppressive 
to take-all. Phytopathology 73, 1548- 553. 
Weller, D. M., 1988. Biological control of soilbome plant pathogens in the rhizosphere with 
bacteria. Ann. Rev, Phytopathol. 26, 379- 407. 
Weller, D.M., Raaijmakers, J.M., McSpadden Gardener,B.B., Thomashow, L.S., 2002. 
Microbial populations responsible for specific soil suppressiveness to plant 
pathogens. Annual Review of Phytopathology 40, 309–48. 
White, J. F. Jr., Cole, G, T., 1985. Endophyte-host association in forage grasses. III. In-vitro 
inhibition of fungi by Acremonium coenophialum. Mycologia, 77, 487-489. 
Viljoen, A., 2002. The status of Fusarium wilt (Panama disease) of banana in South Africa. 
South African Journal of Science 98, 341–344. 
www.intechopen.com
 
Plant Pathology 
 
298 
Yedidia, I., Benhamou, N., Kapulnik, Y., Chet, I., 2000. Induction and accumulation of PR 
proteins activity during early stages of root colonization by the mycoparasite 
Trichoderma harzianum strain T-203. Plant Physiol. Biochem. 38, 863-873. 
Zhang, N., Wu, K., He, X., Li, S., Zhang, Z., Shen, B., Yang, X., Zhang, R., Huang, Q., Shen, 
Q., 2011. A new bioorganic fertilizer can effectively control banana wilt by strong 
colonization with Bacillus subtilis N11. Plant Soil. 344, 87–97 
www.intechopen.com
Plant Pathology
Edited by Dr. Christian Joseph Cumagun
ISBN 978-953-51-0489-6
Hard cover, 362 pages
Publisher InTech
Published online 04, April, 2012
Published in print edition April, 2012
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
Plant pathology is an applied science that deals with the nature, causes and control of plant diseases in
agriculture and forestry. The vital role of plant pathology in attaining food security and food safety for the world
cannot be overemphasized.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
R. Thangavelu and M.M. Mustaffa (2012). Current Advances in the Fusarium Wilt Disease Management in
Banana with Emphasis on Biological Control, Plant Pathology, Dr. Christian Joseph Cumagun (Ed.), ISBN: 978-
953-51-0489-6, InTech, Available from: http://www.intechopen.com/books/plant-pathology/current-advances-
in-the-fusarium-wilt-disease-management-in-banana-with-emphasis-on-biological-contr
© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
